The variations in exchange rate, especially the sudden unexpected increases and decreases, have significant impact on the national economy of any country. Iraq is no exception; therefore, the accurate forecasting of exchange rate of Iraqi dinar to US dollar plays an important role in the planning and decision-making processes as well as the maintenance of a stable economy in Iraq. This research aims to compare spectral analysis methodology to artificial neural networks in terms of forecasting the exchange rate of Iraqi dinar to US dollar based on data provided by the Iraqi Central Bank for the period 30/01/2004 and 30/12/2014. Based on the Mean Square Error (MSE), the Mean Absolute Error (MAE), and the Mean Absolute Percentage Error (MAPE) as criteria to compare the two methodologies, it was concluded that is artificial neural networks better than spectral analysis approach in forecasting.
1-Spectral analysis methodology
The variations in time series are attributed to a specific phenomenon that is often analyzed in the time domain using autocorrelation function. However, there are many variations in time series that rely on the frequency making the analysis in the time domain not suitable anymore. Therefore, the series is analyzed using the spectral analysis methodology in the frequency domain. The time series spectrum represents the variance distribution of the series as frequency function.
2-Harmonic analysis [ ]
If the stationary time series W t consists of one or more harmonic components, its harmonic model will be as follow:
Where ( ) ( ), : Amplitude, : Phase, : Frequency, : random errors, number of harmonic components Equation (1) above is called Fourier series while the frequencies are often referred to as Fourier frequencies or standard frequencies that are defined in the following formula: ( 2 ) Where N is a sample size In addition to that, and in equation (1) The harmonic model formula relies on the number of observations of the stationary time series as shown below:
a-If the number of observations of the stationary time series is odd, the harmonic model will be:
Fourier coefficients can be estimated using the least squares method as shown below:
Where b-If the number of observations of the stationary time series is even, the harmonic model will be:
And by using the least squares method, Fourier coefficient can be estimated using formula (4), (5) , and (6) Where . for ̂ can be calculated as follow:
And therefore, an estimation of amplitude of the j th harmonic can be obtained using the following formula:
and an estimation of phase of the j th harmonic can be obtained using the following formula:
3-The Periodogram [ ]
The periodogram is a tool that is used to analyze time series that consist of sine and cosine waves with different frequencies. This tool is often referred to as ( ) and can be defined in the following formula:
This formula is used if the number of observations of the stationary time series is odd. However, if the number of observations of the stationary time series is even, the following formula can be used:
Where ( ) ̂
4-Spectral analysis stages
a. Determining the hidden periodicities [ ] In this stage, the hidden sinusoidal components (hidden periodicities) that exist in the time series are revealed through the application of Fisher test as follows :
Where ( ) ( ( ) ) { ( )}
If the value of T statistic is less than the critical value g, we accept the null hypothesis and conclude that the data is random and does not contain hidden sine components. If the critical value g is not available for m > 50, g can be calculated at specific significance level alpha as follow:
Where m=h when ( ) is defined in formula (11) or m=h-1 when ( ) is defined in formula (12) .
Emaan .Y / Mohammed .H b. Harmonic model selection [ ]
In this stage, the number of significant hidden sine components that consist the harmonic model can be determined by testing the following hypothesis: ̂ ̂ Against ̂ ̂ By using statistic that is defined in the following formula: 
c. Testing the suitability of the harmonic model [ ]
In this stage, randomization of the model residuals is tested through the two following tests:
1-Ljung-Box test [ ]

2-Cumulative periodogram test [ ]
The statistic of cumulative periodogram test is defined in the following formula:
After calculating ( ) Kolmogorov smirrnov test can be applied where Kolmogorov smirrnov limits can be determined as follow:
a) The theoretical line: this line is drawn from (0, 0) to (π,1)
b)The upper limit: this line can be drawn using the following formula:
c) The lower limit: this line can be drawn using the following formula: Lower limit = theoretical line -√ (18) Where can be obtained from Table in [8] at alpha significance level. If the ( ) value falls between the lower and upper limits, we can conclude that the series does not contain hidden sinusoidal components.
3-Artificial neural networks [ ]
Artificial neural network is a computational technique that simulates the way human brain uses to perform a specific task. It consists of several processing units defined as neurons or nodes that are organized in three levels (layers) including input level, hidden level that consists of one or more hidden layer, and the output level. the nodes of each level are associated with the next level through connection force called weights, which work on saving the acquired knowledge from the training of network.
The nodes at the input level are called the input nodes and so on for the other levels. In addition, there is a node called the bias b that has a positive value of one and has the same constant role in the regression model.
Each node of the hidden and output levels is provided with an activation function, linear or nonlinear, that works on processing the input signal and preventing the output of the processing node from reaching high value, which may stop the network leading to a failure of the training process.
Neural networks are divided to two types including single layer and multiple layer networks. The single layer network does not have the hidden level and contains one layer of weights that connects the input level to the output level. when applying the input signal in this type of network, we can obtain the output signal through the following formula: As for multi-layer networks, it has the ability to solve more complex problems because it contains the hidden level with one hidden layer or more. The output signal is obtained in this type of networks as follows: 
(3-1) Backpropagation algorithm [ ]
The backpropagation algorithm is a generalization of the least mean squares algorithm where it is used to train multiple layers networks. It is often referred to as BP and is considered one of the most used algorithms among the supervised learning algorithms. It consists of three stages:
A. Feed forward propagation stage [ ]
In this stage, inputs Z 0 = V are applied on the network and random initial weights X 1 are generated in small values. In addition, this stage includes determining the learning rate and the momentum by small value that falls within (0, 1) and (1, ] respectively. Data are processed starting from the input layer to the output layer throughout the hidden layers. The outputs of the network are obtained using the following formula:
Which can be written as a matrix
B. Backward Propagation Stage [ ]
In this stage, the sensitivities is calculated from the last layer, which represents the output layer, to the first layer throughout the hidden layers. Sensitivity M in the last layer M can be calculated using the following formula: 
C. Updating Weights Stage [ ]
After passing the feed forward propagation and the Backward Propagation stages, the stage of updating the weights and biases begins using the following formulas:
3-In case of not using the momentum:
4-In case of using the momentum:
4-Data
The data used in this study is a time series of exchange rate of Iraqi dinar to the US dollar and was provided by the Iraqi Central Bank. The data consist of 132 monthly observations from 30/01/2004 to 30/12/2014 as show in table (1) below.
5-spectral analysis methodology application
The first stage: The time series of the exchange rate data was plotted as shown in figure By looking at figure (1), we notice that the data Y t does not fluctuate around constant level, and it takes a decreasing trend which indicates that the time series is not mean stationary and not variance stationary.
To check the accuracy of results about the stationary of the time series in the mean, autocorrelation function and partial autocorrelation function were plotted for the raw data as shown in figure (2) below. By looking at figure (2), we notice that the autocorrelation function is slowly decreasing toward the zero and does not cut after the first and the second lag, which indicates that the raw data is not mean stationary.
To increase accuracy in the results about the stationary of the time series in the variance, ADF, P.P, and KPSS tests were applied as shown in table (2) below.
By checking the P-value of each model of the estimated models for both tests ADF and P.P at 0.05 significance level (alpha), we accept the null hypothesis and concluded that the time series has unit root meaning that it is not variance stationary. In addition, through ADF test, we concluded that the time series needs to take differences. By comparing the calculated value of KPSS test statistic to the critical value, we accept the alternative hypothesis, which means that the time series is not variance stationary.
From the results of plots and tests, we conclude that the time series is not mean stationary and not variance stationary. Therefore, the log transformation was applied then the first difference was taken to accomplish stationary in the series in the variance and the mean respectively as shown in figure (3) which shows that the autocorrelation function of the transformed data is cut after the first lag, which indicates that the time series is mean stationary. It becomes clear from the results of ADF, P.P, and KPSS tests of the transformed data, shown in table (3) below, that the time series is variance stationary. In addition, the results of ADF indicate that the series does not need to take anymore differences, which indicates that the series is mean stationary.
After checking the stationarty of the series, 65 frequencies were generated using formula (2) . In addition, the amplitude, the phase, and the periodogram were calculated as shown in table (4). To increase the results accuracy, the cumulative periodogram test was performed on the stationary data where ( ) was calculated using formula (16) as shown in Table (5) below. In addition, the upper and lower limits were drawn using (17) and (18) formulas respectively as shown in figure (5) . By examining figure (5) , we notice that ( ) values fall out of the upper limit, which indicates the existence of hidden sine components in the stationary data. This result emphasizes that the data is not completely random as shown in figure  (4) .
The second stage
Based on the values of ( ) periodogram shown in table (4), F k statistic, defined in formula (15) , was applied as shown in table (6) By examining table (6) , we conclude the existence of three significant hidden sinusoidal components at frequencies because the calculated F value at these frequencies is higher than the critical value F (2, 128) , which indicate to the unacceptability of the null hypothesis at this frequencies. Therefore, the harmonic model of the data can be written in the following formula:
Where t = 1, 2, …, N
The third stage
In this stage, residuals of the selected harmonic model from the second stage were tested through the application of Ljung-Box Test and the cumulative periodogram test as shown in table (7) and figure (6) below. 28.869 0.3926
6-Artificial neural network methodology application
The main step in designing the neural network model of a specific time series is determining the number of input variables. By applying Box-Jenkins methodology to the series of exchange rate, we find the best model to represent the data is ARIMA (1,1,0 ) . This mean that the input variables include only the variable Y t-1 . therefore, the number of input nodes is equal to one. Therefore, the number of input nodes equal to one. Because the goal here is to predict one-step-ahead, one output node was set in the output layer, which include one variable Yt. In addition, one hidden layer was determined for the hidden level. By choosing backpropagation algorithm to train the network, a 0.5 learning speed and 0.9 momentum were selected, and we include 100% of the data for the training due to the small sample size. Because there is no constant rule to select the activation functions in both the hidden and output layers, 5 models including ANN(1), ANN(2), ANN(3), ANN(4), and ANN (5) were built with different activation functions as shown in table (*). Based on the activation function in the output layer of each model, the processing formula was determined. The number of hidden nodes in each models were also determined based on the try and error approach and the following formulas: Regardless the number of the hidden nodes, by examining table (8) and based on MSE, MAE, and MAPE criteria, the best model among the designed models is ANN (3). Therefore, we conclude that the best activation function for the hidden layer is the bipolar function and the linear function for the output layer. In addition, by testing the third model, it is apparent that the best number of nodes for the hidden layer is 2. Therefore, we conclude that the best formula to determine the number of hidden nodes is 2R.
Based on the third model ANN (3) with 2 nodes and constant requirements of the other network except the sample size, data was divided to two sets including the training and the testing with specific portions as shown in table (9) . The network was retrained again and the results are shown in table (9) . By examining table (9) , we conclude that the inclusion of all the data in the training leads to the lowest potential error. This is clear through the MSE criterion that reach its lowest value when 100% of the data is included in the training, which indicates a safe primary selection of the data size.
Based on the third model with 2 hidden nodes and constant network requirements except the momentum value, different models were designed with different momentum values as shown in table (10) below.
By examining table (10) , we conclude that the momentum value affects the training time and the error calculated by the network. We also conclude that the best value of momentum that gives the lowest possible error at appropriate time with 0.5 learning rate is 0.6.
Based on the last modifications of the third model of the network, a comparison was conducted between the network training without data processing and the network training with data processing by using normalized formula . The results are shown in table (11) . (11) , we conclude that data processing is a crucial step before providing the network with data. This is apparent through the values of MSE, MAE, and MAPE criteria as shown in table (11) .
Therefore, the best model of the neural network that can be used in the estimation is the third model with 2 hidden nodes and 0.6 momentum at 0.5 learning rate.
7-Conclusions:
1-The series of exchange rate of Iraqi dinar to the US dollar is non-stationary in the mean and the variance. 2-The best model of the artificial neural network to forecast the exchange rate using backpropagation algorithm is the network designed with one variable ( ), hyperbolic activation function in the hidden layer and linear activation function in the output layer, learning rate of (0.5 ), (0.6 ) momentum, and two hidden nodes in one hidden level. 3-The stationary exchange rate series contain hidden periodicities 4-Based on the MSE, MAE and MAPE criterion, it is apparent that artificial neural networks methodology is better than the spectral analysis in forecasting the exchange rate of Iraqi dinar to the US dollar.
8-Recommendations:
1-Compare the backpropagation networks and the Jordan or Elman networks in predicting the exchange rate.
2-Conducting a research on choosing the truncation point in the spectral windows and the lag windows 3-Apply the hybrid methodology to predict the exchange rate.
By comparing the calculated values of MSE, MAE, and MAPE for both methodologies, we conclude that the best methodology in forecasting the exchange rate is artificial neural network methodology as shown below.
